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Introduction

Somatostatin (SST) is a peptide hormone that inhibits the release of
various hormones and growth factors. The receptors are also expressed in
numerous tumors, with SSTR2, the predominant subtype expressed in breast
cancer. Although there are data for inhibitory effects of SST analogues in
breast cancer, the feasibility and/or efficacy of radioisotope-conjugated
somatostatin analogs in breast cancer (studied more extensively in
neuroendocrine tumors) are unknown and SSTr status prior to treatment were
minimally investigated and varied in these studies. Until recently, SSTy
expression has been performed by labor intensive methods such as
autoradiography and RT-PCR in vitro and scintigraphy in vivo. We have
developed a series of algorithms called AQUA that can assess protein
expression on tissue microarrays (TMA) based on molecular co-localization
techniques. Our automated analyses involves immunohistochemistry (IHC)
combined with automated acquisition and analysis of compartmentalized,
quantitative, continuous scores which removes the inherent subjectivity of
standard pathologist-based scoring systems. We propose to further
characterize the expression of SST;2 using a large cohort breast cancer TMA

and to correlate in situ tissue measurements by AQUA with that of
scintigraphy and RT-PCR. Ultimately,our plan is to compare the different
measures of SSTR2 expression on predicting response/survival in a clinical
trial of radiolabelled SST analogue (lll-In-pentetreotide) in patients with
metastatic breast cancer.

Body

Task 1. Characterize SSTR expression in a breast cancer TMA

Because our initial breast cancer TMA was nearly exhausted, we constructed a
2" fold redundant TMA with the same cases. A 3" fold redundant array is
also currently being constructed to allow experiments to be reproduced and to
gather 2 fold redundant data. We have collected extensive clinical and
pathologic data on these patients, including disease-specific and overall
survival. SSTR2 antibody from Santa Cruz, Carpinteria, CA) was obtained and
initially titered on a breast cancer test array (TMA but with much fewer
spots and without linkage to clinical information) to determine an optimal
dilution. The full cohort TMA with 667 cases was then stained with SSTR2 and
analyzed with AQUA (Figure 1). SSTR2 stained predominantly in the invasive
tumors in a membranous pattern. This is consistent with other reports of
SSTR2 expression in cancers (1-3). There also appeared to a lesser extent,
variable levels in the stroma and vascular/lymphatic structures as well.




Figure 1. Representative histospot of breast
cancer stained with SSTR2 (right panel and
composite image (left panel). Red represents
SSTR2 colocalized with membrane and blue is SSTR2
colocalized to nucleus.

Outcome analysis showed that the standard markers such as tumor size, nodal

status, and estrogen receptor, but not SSTR2 expression in the tumors were
associated with disease-specific survival. Using X-tile (a statistical model
developed for determination of optimal cutpoints of expression), the highest
expressers were significantly associated with markers of poor prognosis (e.g.
positive nodal status, large tumor size). Please see Appendix A.

In order to better compare SSTR2 expression in breast cancers versus normal
breast epithelium, we also constructed and analyzed a TMA of normal breast
tissue. These specimens were obtained predominantly from patients undergoing
reduction mammoplasties. This showed again that SSTR2 stained predominantly
within the membrane compartment of the epithelium but that the expression as
a whole was substantially diminished compared to our breast cancer cohort
(Figure 2).
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Figure 2.

SSTR2 scores in normal and malignant breast TMAs. Mean of normal scores is 15 and
malignant is 29.

Our results will be reproduced on our 3™ fold redundant array currently
being constructed, however, the clear overexpression of SSTR2 in tumors and
the predominant tumoral rather than stromal localization is encouraging given
our future plans to use SSTR2 as a homing target for radiolabelled
somatostatin analogues in advanced breast cancer.

Finally, in a collaboration with Dr. John Murren (a coinvestigator on this
grant), we have analyzed SSTR2 expression in a sarcoma TMA and a multi-tumor
TMA. These results are still being analyzed. It is the hope that these
results will help us to obtain a more global sense of SSTR2 expression in
many different tumors (as well as in their normal counterparts) so that
further investigations into the biology of this pathway in tumors can be
initiated and that therapeutic studies can be initiated in select
malignancies. Initial work comparing immunohistochemical analysis of SSTR2
expression with RT-PCR and scintigraphy on a series of sarcoma samples is
currently being prepared as a manuscript for submission.

Task 2. Translating TMA-based AQUA algorithms to whole sections

We have been doing initial studies for this task with estrogen receptor (ER)
on whole tissue sections because this is a well characterized marker in
breast cancer in which a pathologist-based “gold standard” exists. Multiple
slides of breast cancer from the same patient were obtained from different
blocks. These data analysis are still ongoing, but initial results suggest
that the intra and inter slide variabilities per case were quite low for the
low ER (ER negative cases) whereas the higher ER score cases had more
variability. Figure 3 shows “heat maps” of AQUA ER scores on different
slides with green representing scores close to the mean and red representing
scores further away from the mean. In the high scoring case (e.g. S003063),
there is a suggestion that highest scores are clumped together. These data
will be further analyzed and also compared with the pathologist’s scores.
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Task 3. Conversion of AQUA to a protein concentration

We have gathered a series of cultured cell lines from ATCC for this task.
These include breast cancer lines (MB175UN, BT474, SKBR3, MB468, MCF7) and
other malignancies as well (A431, SW480). Although all these lines have not
previously been analyzed, MCF7 did show a strong signal for SSTR2 by RT-PCR.
These lines were processed into a cell line microarray using a technique
involving fixation, resuspension and pelleting only, and then paraffin
embedding. This redundant cell line array is then added to the same slide as
the breast cancer TMA for staining with SSTR2 and AQUA analysis concomitantly
with the malignant tissue specimens. The AQUA scores for these cell lines
were quite variable and had a fairly wide range (nearly the range of AQUA
scores seen in the tumor specimens on the TMA) (Figure 4).
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As expected, MCF7 had high tumor mask and membrane expression. Additional
cell lines will be tested to increase the dynamic range. All cell lines will
be analyzed by ELISA for a quantitative measure of SSTR2 to correlate with
the AQUA scores.

Task 4. Study 11ll-In-pentetreotide activity and safety in patients with
metastatic breast cancer




Prior to a prospective clinical trial assessing the therapeutic efficacy of
111-In-pentetreotide, we are again collaborating with Dr. Murren in an
ongoing trial of patients with sarcomas. This study recruits patients with
sarcomas having definitive resections at Yale New Haven Hospital and simply
compares SSTR2 expression by three different methodologies, RT-PCR on
resected tissue, immunohistochemistry on resected specimen, and pre-surgery
scintigraphy with '''In-pentetreotide (Octreoscan). Eight patients have been
enrolled to date and no serious or unanticipated adverse events have been
seen. Data analysis from this study is ongoing. This protocol is now being
amended to include patients with breast cancer having surgical
biopsy/resection at Yale New Haven Hospital (See appendix B for amended
protocol). Patients may be of any stage, although scintigraphy must be prior
to resection/biopsy and both procedures performed preferably prior to any
other therapeutic treatments. The amended study is currently being evaluated
by the Human Investigations Committee at Yale.




Key Research Accomplishments

. Construction of a 2" and third fold redundant breast TMA
Titrations of SSTR2 antibody on test arrays
Correlation of SSTR2 expression on a large cohort breast cancer TMA
with clinico/pathologic parameters
Construction of normal breast TMA and testing SSTR2 on normal breast
TMA
Optimizing AQUA analysis on whole tissue sections with estrogen
receptor as a model
Preliminary work on validating SSTR2 antibodies on cultured cell lines
and conversion of AQUA scores to protein concentrations
Clinical protocol studying SSTR2 expression by three different
methodologies in patients with sarcomas or breast cancers




Reportable Outcomes
1. DOD Era of Hope Breast Cancer Research Meeting June 2005: QUANTITATIVE
ANALYSIS OF SOMATOSTATIN RECEPTOR-2 ON A BREAST CANCER TISSUE
MICROARRAY
2. Yale University HIC protocol 12513: Characterization of Somatostatin
Receptor Expression in Sarcomas and Breast Cancer
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Conclusions

We have begun a systematic analysis of the expression of the SSTR2 in breast
cancer using our automated analysis methodology which allows rapid,
reproducible, quantitative measurements of in situ protein expression on
tissue arrays. Our results show that SSTR2 is expressed in a graded fashion
in a large proportion of breast cancers, is expressed predominantly within
tumors not stroma, and that it is mostly expressed in the membrane
compartment of tumors. Although expression was not significantly correlated
with survival on our TMA, it did appear to be significantly overexpressed in
malignant breast epithelium compared with benign breast tissue. We will
quantitate protein measurement even further with correlations with cultured
cell line expression of SSTR2. We have also begun efforts to incorporate our
techniques and results in the clinical setting by opening a clinical trial in
patients with breast cancer to analyze our methodologies for SSTR2 expression
with more traditional methods. We hope to eventually open a clinical trial of
radiolabelled octreotide as a therapeutic maneuver for patients with
refractory metastatic breast cancer and further study the different methods
of SSTR2 expression specifically as a predictive factor to targeted therapy.
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Appendices

A. QUANTITATIVE ANALYSIS OF SOMATOSTATIN RECEPTOR-2 ON A BREAST CANCER TISSUE
MICROARRAY

Yale Cancer Center, Medical Oncology and Department of Pathology, Yale
University School of Medicine, New Haven, CT 01520

Gina G. Chung, Sriparna Ghosh, Maciej P. Zerkowski, Robert L. Camp, David
L. Rimm, John Murren

gina.chung@yale.edu

Background: Somatostatin is a peptide hormone that inhibits the release of
various hormones and growth factors. The receptors are also expressed in
numerous tumors, with SSTR2, the predominant subtype expressed in breast
cancer, implicated in its growth and development. Using a large cohort
tissue microarray (TMA) of node negative and positive breast cancers, we
analyzed the protein expression and subcellular localization of SSTR2 by
our automated, quantitative in situ analysis of immunostains (AQUA) and a
newly developed statistical analysis for determination of optimal
cutpoints of expression (X-tile).

Methods: Our TMA consisted of 667 cases of primary breast cancers, equally
divided between node negative and positive cancers. AQUA uses a modified
immunohistochemistry technique with fluorochromes as the detection method.
Primary antibody was SSTR2 (Santa Cruz, Carpinteria, CA). The total tumor
and subcellular distribution pattern of SSTR2 were then correlated with
clinicopathologic factors and with survival. Survival curves and cutpoint
analysis were determined with X-tile, our recently developed software for
determination of optimal cutpoints on continuous data. Chi-square and
multivariate analysis were performed with Statview software (version
5.0.1; SAS Institute Inc., Cary, NC).

Results: SSTR2 stained more strongly in tumors than benign controls and
predominantly in the tumor membrane, although some stromal staining was
also seen. Peritumoral vessel staining could not be deliniated in our
experiment -and some expression may have been included within the "tumor
mask" by AQUA. X-tile divided expression into the top 17% expressers
versus the remaining 83%. Kaplan Meier survival curves showed that
whereas the high expressers trended towards worse 20 year disease-specific
survival compared with the low, this did not reach statistical
significance (Corrected P-value=0.2750). Nuclear staining was
occasionally seen, however it was not prognostic. Univariate analysis of
standard prognostic markers showed that in our cohort, tumor size, nodal
status, nuclear grade, estrogen and progesterone receptor status, but not
Her2/neu were all significantly correlated with outcome. Using X-tile,
the Cox continuous variable of SSTR2 membrane expression was also




correlated with outcome (p= 0.0460). Chi-square analysis using the X-tile
determined SSTR2 optimum cut-point of 40.7 showed that high SSTR2
expression was significantly associated with positive nodal status, larger
tumors, and high nuclear grade.

Conclusions: These results indicate that SSTR2 may be variably
overexpressed in breast cancer, is predominantly expressed within tumor
membranes, and that it is associated with other markers of poor prognosis.
High expression showed a non-significant trend towards worse disease-
specific survival. Furthermore, AQUA and X-tile analyses suggest an
optimal cutpoint for future investigations of this biomarker and
specifically, in studies looking at its expression as a predictive
biomarker in therapeutic studies of radiocactive targeting agents against
SSTR2 in breast cancer.




B. Characterization of Somatostatin Receptor Expression in Sarcomas and
Breast Cancer
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PURPOSE

Characterize the expression of somatostatin type 2 receptors (SSTgr2)
in sarcomatous lesions and in breast cancers.
Compare three methods for assaying expression of SSTg2
a. Uptake of '*'In-pentetreotide by scintigraphy (Octreoscan)
b. RT-PCR(reverse transcription polymerase chain reaction)
c. Immunocytochemistry

BACKGROUND

Current treatment options for sarcomas include wide surgical
resection, radiation therapy, and chemotherapy '. Different
combinations of these treatment regimens are used depending on the
type of sarcoma and extent of disease. Some sarcomas are not
sensitive to current methods of chemotherapy and, as a group,
sarcomas have a 5-year survival rate of 60-75% %, Novel
chemotherapeutic approaches are needed and research in this field is
ongoing.

Breast cancer is the second leading cause of cancer deaths in women
in the U.8. 7. Despite advances in treatment, nearly all patients

with metastatic breast cancer and a significant proportion of
patients with early stage disease will also relapse and die of their
disease emphasizing the need for more effective drugs °©.

Octreotide is a synthetic octapeptide analog of somatostatin (SST), a
peptide hormone with predominantly inhibitory effects on the
secretion of growth factors and exocrine hormones as well as on
cellular proliferation. The actions of somatostatin and analogs are
mediated by somatostatin receptors, which are members of the G-
protein family of receptors 8. Five distinct somatostatin receptor
subtypes have been identified, and the respective genes have been
cloned °7'2, Of these receptors, somatostatin receptor 2 (SSTg2)
appears to be strongly expressed most commonly in human tumors.
Octreotide binds with high affinity to SSTz2, with low affinity to
SSTz3 and SSTR5, whereas it does not bind to SSTpl and SSTR4 2.
These binding characteristics led to the development of radiolabeled
octreotide as an imaging agent for tumors expressing SSTR2.
Somatostatin receptor imaging with [*'In-DTPA-D-Phe]-octreotide
(*'In-pentetreotide or Octreoscan), a 'Indium-labelled octreotide
with DTPA as a chelating agent'®, has been approved by the FDA for
patients with tumors with somatostatin receptors.




A variety of human tumors, both endocrine and non-endocrine, express
somatostatin receptors *°. Endocrine gastroenteropancreatic tumors
have been studied most extensively '’'*®*., Findings of in vivo imaging

with radiolabeled octreotide and in vitro autoradiographic analyses
of somatostatin receptors in these types of tumors have been shown to
correlate well when directly compared *°.

It has been demonstrated through in vitro studies that somatostatin
receptors are present in human mesenchymal tumors 2°2!, In wvivo
scintigraphic studies have demonstrated wuptake of radiolabelled
somatostatin analog in 71-92% of patients with sarcomas %%, Animal
studies have demonstrated the effectiveness of somatostatin analogs

to inhibit the growth and/or angiogenesis of certain sarcoma models
25-29

SSTR2 is the predominant subtype expressed in breast cancers °°.

Because the synthetic SST analog octreotide has high affinity to this
receptor, it is a rationale agent to study in this cancer. Indeed,
several early studies of SST analogs in breast cancers have shown
encouraging results °'.

It is not known which bone and soft-tissue sarcomas express SST;R in
highest quantities and would intuitively be most sensitive to
treatment with a somatostatin analog either alone or labeled with a
beta emitting isotope. There have also been no studies to see if
SST,R expression 1in sarcomas correlates with octreotide scanning.
Similarly, in breast cancers, the expression pattern and distribution
of SSTg2 in tumors have not been well characterized nor correlated
with other measures of expression.

LOCATION OF STUDY

The Oncology, Breast Surgery, and Orthopaedic Outpatient Clinics, the
Diagnostic Imaging Center and the Operating Room of Yale-New Haven
Hospital

PROBABLE DURATION OF PROJECT

36 months

RESEARCH PLAN

We will use three approaches to characterize the expression of SST
receptors in patients with sarcomas and breast cancers.




. Eligibility Criteria: Patients identified to have sarcomatous

lesions or invasive breast carcinomas and who will have definitive
resection at Yale-New Haven Hospital will be eligible for inclusion
in this study.

. Exclusion Criteria: Pregnant women

. Octreoscans: Prior to tumor resection each patient will have an

Octreotide scan to evaluate the intensity of radioisotope uptake
within the primary tumor and/or metastatic foci.

a. Preparation: None; Patients will be instructed to be well
hydrated the morning of the injection.

b. Radiopharmaceutical: 6 mCi of 'In-pentetreotide will be
injected intravenously into the arm. Following injection, the

isotope is rapidly cleared from the blood (decrease within 10
minutes to 33% +/- 7%) and within 24 hours 85% of the injected
dose is excreted through the kidney.

c. Scanning protocol: Whole body and planar images are obtained at
4 hours post-injection. Patients will be asked to lie on their
back on the examining table, and to stay as still as possible.
Initial planar and whole body imaging will take approximately 1

hour. Patients will then leave with instructions to return the
following day for planar and SPECT imaging at 24 hours post-
injection. Imaging will require 1 hour.

d. Dr. David Cheng will lead the interpretation of the octeoscans.
Hlrn-pentetreotide uptake within each area of tumor (analyzed in
conjuction with CT/MRI) will be graded according to a three
point scale: 0=no uptake, l+=uptake less than liver, 2+=uptake
greater than liver. Krenning et. al have proposed that the
likelihood of response in therapeutic protocols is correlated
with uptake that is 2+ on this scale®’.

4. Tissue analysis: At the time of definitive resection a cryostat

specimen will be obtained from the operating room at Yale-New Haven
Hospital and immediately transported to a -70°C freezer for storage.
The remainder of the tissue will be processed in the routine manner
(e.g. fixed and paraffin embedded). These tissues will subsequently
be evaluated by reverse transcription PCR to determine the profile of
somatostatin receptor subtypes (primarily. SSTgr2), and will Dbe
immunostained using a polyclonal antibody to determine the
distribution (heterogeneity) of somatostatin type 2 receptor within
the tumor.

STATISTICAL CONSIDERATIONS



Our goal is to evaluate at least 20 patients with extremity sarcomas
and 20 with breast carcinomas. We will see 1if there 1is any
correlation between grade of scintigraphic uptake and somatostatin
receptor expression as measured by RT-PCR and/or imunohistochemistry.

ECONOMIC CONSIDERATIONS

No material inducements or payments will Dbe offered to subjects
involved in this study. The Octreoscan is an FDA approved diagnostic
study for patients with somatostatin receptor positive tumors, and
the expense of imaging will be billed to the patient’s insurance
carrier.

HUMAN SUBJECTS

Subject Population

All patients identified by clinical evaluation, radiographic imaging
or tissue biopsy to have a sarcomatous tumor or breast carcinoma are
eligible for inclusion. There are no exclusion criteria with regard
to age, gender, or ethnic background.

Source of Research Material
We plan to make use of existing pathology specimens that are obtained
at biopsy procedures or definitive tumor resections.

Consent Procedures

Written informed consent will be obtained prior to definitive
surgical resection after detailed discussion of the protocol in the
outpatient Orthopaedic and/or Oncology clinic by one or more of the
investigators identified on the face sheet.

Potential Risks

OctreoScan is an FDA approved imaging test that involves minimal risk
to the subject. The following side effects have been observed in
less than one percent of 538 subjects receiving OctreoScan:
dizziness, fever, flush, headache, a drop in blood pressure, changes
in liver function, joint pain, nausea, sweating, and weakness. These
side effects do not last long and are not permanent.

Since 'In-pentetreotide is derived from Octreotide, there is a
remote chance that some subjects may experience pain at the
OctreoScan injection site, diarrhea and/or loose stools, stomach
pain, vomiting, a drop or increase in blood glucose levels, and/or
hypertension. The scheduled OctreoScan dose is below the limits set
by the FDA for research subjects.

The inconvenience of the scan consists of 1-2 hours of imaging time.




Protection of Subject
Patient confidentiality will be strictly maintained in concordance
with NIH guidelines.

Potential Benefits
No direct benefit is expected to patients participating in this
study.

The Risk-Benefit Ratio

Knowledge gained from this study may lead to investigational
protocols designed to assess the effectiveness of somatostatin analog
therapy in patients with sarcomas and breast cancers.

Data Safety and Monitoring Plan

One of the principle investigators will conduct a data and safety
review on a quarterly basis. Serious unanticipated adverse events
will be reported immediately to the HIC (using HIC form 6A) and any
appropriate regulatory agencies. Other adverse events will be
reported to the HIC periodically or, at minimum, when reapproval of
the protocol is sought. The adverse event will be graded as serious
or non-serious, and when possible determine if it is attributed to
the research or not.

Due to the nature of the research subjects’ underlying diseases, they
will be evaluated at frequent intervals by their treating physicians.
Following the Octreoscan the subject will have a definitive resection
of their tumor and will have close follow-up in the initial post
operative period. These frequent interactions will allow for close
monitoring of any adverse effects from the Octreoscan.
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